(Received for publication, July 15, 1941) Particulate components of tissue cells sedimented by high speed centrifugation from filtrates of organ suspensions have been encountered during attempts to purify viruses present in certain infected organs (1) (2) (3) (4) (5) . In a number of instances, normal tissues have been found to yield particulate matter remarkably similar to that derived from diseased cells. A considerable amount of evidence indicates that such particles derived from the lungs of mice infected with the virus of influenza A are carriers of the pathogenic agent (6) .
Claude has pointed out the possible identity of such cellular components with mitochondria. Since these cytological constituents are believed to play a significant r61e in specific cellular metabolism and differentiation, the suggested mitochondrial origin of the isolated particles implies that they may possess specific serological properties. Some experiments demonstrating such serological specificity have been reported briefly (7) . The present paper constitutes a more detailed and extended study of the subject.
Materials and Methods
Preparation of Normal Organ Particles.--The several organs of ether-killed Swiss mice were usually frozen at -72°C. immediately after dissection, and stored at -1 0 to -15°C. Organs from rats, rabbits, and ferrets were obtained in similar manner, while organs from bulls and pigs were secured from the abattoir shortly after the death of the animals and stored at -1 0 to -15°C. immediately upon arrival at the laboratory. Human organs were taken from cases coming early to autopsy, only those organs without apparent damage being retained.
The organs were ground with sand and powdered Pyrex to form a 10 to 20 per cent suspension in saline buffered at approximately pH 7.0. After low speed centrifugation, the supernatant fluid was either passed through a medium Mandler or Berkefeld * Fellow of the Nemours Foundation. ** Research Assistant from the Department of Bacteriology, School of Medicine, University of Pennsylvania. 495
filter or centrifuged at 4,000 to 5,000 R.p.vr. for 30 minutes. This was followed by repeated centrifugation (8) at 20,000 to 25,000 R.p.~r. for 20 minutes. The pellet obtained was resuspended in fresh buffered saline after each centrifugation, by means of a rubber-tipped plunger with a diameter slightly less than that of the tube. The washed material was then centrifuged at 1,500 R.p.~r. to remove any larger aggregates.
Particles from the following organs were prepared: brain, kidney, liver, lung, heart muscle, pancreas, spleen, and testicle. The material sedimentable from Berkefeld filtrates in each case formed a translucent, yellowish to reddish brown pellet of gelatinous consistency. Under dark field examination, the resuspended particles gave an impression of size uniformity and a diameter of 0.1 to 0.3# was indicated by considerations based on the physical constants of the filter and centrifuge.
The nitrogen content of the suspensions used as antigens was determined by means of turbidity measurements with a Klett-Summerson photoelectric colorimeter. 1 ml. of the suspension was diluted with 4 ml. of 0.1 N NaOH, and the turbidity was then determined using a blue number 42 filter. Calibration curves for each of the several kinds of organ suspensions were plotted giving the nitrogen content per milliliter against the turbidimeter reading. The procedure made possible rapid estimation of the N content of a suspension within about 10 per cent.
For the injection of rabbits, suspensions with approximately 0.01-0.1 mg. N/ml. were used, depending on the yield of particles from the various organs. For the agglutination tests, suspensions containing 1-2 rag. N/ml. were found to give the most satisfactory results, and for the complement fixation reaction the latter suspensions were used diluted serially beginning with a i : 5 or 1 : 10 dilution of the original antigen. Brain particle preparations contained only one-third as much N as the other concentrates.
Lipoid Extracts.--For preparation of alcoholic extracts the bovine organs were passed through a meat grinder and dried from the frozen state after which approximately 20 ml. of 95 per cent alcohol was added for each gram of dried material. After 48 hours at room temperature, the extract was filtered through paper. The final preparations of alcoholic extract contained 1 to 2 per cent of lipoid by weight. For serological tests, the extracted material was suspended in saline by diluting 1 ml. of extract with 5 ml. of saline added dropwise.
Ground and dried organs were extracted with ether in a similar manner, but in this case the extract was dried down in an evaporating dish and the residue emulsified in saline. A milky suspension resulted in both instances.
Preparation of Antisera.--Rabbits of about 3 to 4 kilos weight were inoculated intravenously or intraabdominally with 2 ml. amounts of the various suspensions at 2 to 3 day intervals. In some instances, five injections led to a satisfactory antibody response (liver, kidney), in others up to nine injections were necessary (lung, testicle). This may have resulted from the fact that the concentration of particles as determined by the amount of N per milliliter of suspension varied among the different preparations.
Intravenous injection of the organ particle suspensions led to rapid death in a number of rabbits, and autopsy usually revealed clotted blood in the large veins and in the right heart. Even intra-abdominal injection resulted in the loss of two rabbits, although in these cases death did not occur immediately after the injection as in the case of intravenous administration. Experiments with mice showed that the toxicity could occasionally be neutralized by normal rabbit serum (9) and could be eliminated by a number of the particle antisera.
The rabbits were bled 8 or 9 days after the last injection and the sera stored at -10 to -15°C. Normal serum taken from the same rabbits before the injections were begun was also kept frozen for reference.
Agglutination Tests.--For the slide agglutination reaction the inside of a large Petri dish (diameter 20 cm.) was marked into 16 squares with a wax pencil. A drop of serum, usually diluted 1 : 1 with saline, was placed in each square and a drop of particle suspension added. After stirring each mixture with an individual tooth pick or wooden applicator the Petri dish was closed and inverted. Further agitation of the fluids was obtained by rotating the dish in the horizontal plane. Readings were made after 5, 10, and 20 minutes at room temperature and recorded in the usual notation: 0 = no agglutination, 4 = all particles clumped in one or two large patches, 1 to 3 = various degrees of clumping.
For the test tube agglutination serial dilutions of antiserum were made and equal amounts of the particle suspensions added to a total volume of 0.4 ml. Readings were made after 30 and 60 minutes at 37°C. although in some instances (kidney, liver) flocculation occurred almost immediately in the more concentrated serum. For the agglutination of red blood corpuscles a 1 per cent suspension of washed erythrocytes was used. The readings were graded in the usual way: 0 = no agglutination; 4 --complete agglutination with clear supernatant fluid; 1 to 3 various degrees of agglutination.
Complement Fixation Reaction.--Serial dilutions of the particle suspensions were made and equal amounts of diluted antiserum and complement were added (0.2 ml. of each). After a preliminary incubation for 1 hour at 37°C., 0.4 ml. of a 2.5 per cent suspension of sensitized sheep cells were added and readings were made after 20 and 60 minutes at 37°C. Two units of complement and 2 units of amboceptor were employed. The readings were graded as follows: 0 --no hemolysis; tr = trace of hemolysis; wk = weak; st --strong; ac = almost complete; c = complete hemolysis.
Absorption of Antisera.--A sufficient amount of a suspension of particles was sedimented at 20,000 R.P.M. and the supernatant fluid carefully drained off. The sediment was resuspended in undiluted antiserum, incubated for 30 minutes at 37°C., left overnight in the refrigerator, centrifuged again at 20,000 R.P.~. for 20 minutes, and the supernatant fluid used. A second absorption was usually not required.
EXPERIMENTAL

General Activity of the Antisera
The study of the general activity of the various antisera against organ particles revealed that precipitins for the serum of the species from which the particles were derived were absent, or present in small amounts only. Agglutinins for red blood corpuscles of the homologous species usually were not increased as compared with the control serum taken before immunization. In a few instances, however, a rise in the normal red blood cell agglutinins was noted, which in two anti-mouse liver sera appeared to be significant (> eightfold). The sera against murine organ particles all hemolyzed sheep cells in the presence of complement, thus indicating the formation of Forssman antibodies. This observation confirmed that of Furth and Kabat (4) who worked with particles derived from the spleen of the chicken which, like the mouse, belongs to the Forssman group of animals. The Kahn test and the Wassermann reaction were positive in a number of rabbits, but sera taken from the same animals before immunization were also positive.
Tissue Specificity
Slide agglutination of various normal murine, bovine, and a few human organ particles by homologous and heterologous antisera gave essentially similar re- 
TABLE I an Particles by Selected Homologous and Heterologous A ntisera
Rabbit serum (1:1) vs. particles of bovine
* Includes all sera taken from the various rabbits before immunization was begun.
Normal sera* suits. Table I shows the results obtained with bovine particles and selected antisera against bovine organ particles. Few cross-reactions between the different organs were found. More overlapping was observed with other sera and in the slide agglutination reaction of murine particles (7). The crude organ suspensions tested against homologous particle antisera were rarely flocculated, and if so only to a slight degree. Cross-reactions between the various particles and the corresponding antisera increased with the number of injections. This observation is in agreement with similar findings in other immunological fields. Furthermore, the age of the particle preparation appeared to affect the specificity of the results. As the time of storage in the refrigerator was increased more and more non-specific reactions were noted and auto-agglutination of the suspensions became apparent. Therefore, the particle preparations were tested shortly after their preparation was complete and were usually not used after 48 to 72 hours.
Two additional techniques were employed to establish more definitely the specificity of the antibodies; viz., serum titration and absorption of the sera with heterologous particles. Upon dilution of the serum the agglutination of homologous particles was still positive when the heterologous reactions had become negative (Table II) . However, the difference in titer between the homologous and heterologous sera was not very striking and more convincing results were obtained with the absorption technique.
After absorption of the sera with heterologous particles a definite homologous reaction remained (Table III) although most of the cross-reactions were removed, especially by liver and kidney preparations. Lung and heart particle suspensions did not absorb all the cross-reacting antibodies, but, since no attempt at quantitative absorption was made, conclusions as to the significance of this finding would be premature. Complete absorption of the sheep cell hemol- ysins did not remove or alter the cross-agglutinations. This indicates that the cross-reactions were not caused by interference of the Forssman antigen. Similarly, the distribution of precipitins for serum, red blood cell agglutinins, and Wassermann antibodies in the various sera did not furnish an explanation for the cross-reactions, since no correlation with these antibodies could be established. Organ specific antibodies were obtained against particles from brain, kidney, lung, liver, and testicle. Reactions with particles derived from heart muscle were found to be specific with some preparations but not with all. The mouse spleen particle antisera reacted only with the spleen preparation but all the other antisera gave a similar degree of agglutination with spleen particles except that against brain particles (7) . The only antisera that did not show any reactivity were those against murine pancreas suspensions. It may well be that the amount of antigen injected was insufficient in this case, since the yield of pancreas particles was necessarily limited. Pancreas from other species has not been studied as yet.
Most of the slide-agglutination experiments were at one time or another confirmed by test tube agglutination when sufficient amounts of antigen were available. The agglutination was of a floccular type, and the flocculum could be re-dispersed by gently tapping the tubes. The agglutinin titer of the sera was usually higher by the tube than by the slide test. Application of the complement fixation technique in the case of bovine and murine particles revealed cross-reactions not apparent from agglutination tests. Table IV shows the extent of complement fixation which occurred with serial dilutions of the antigen in the presence of a constant serum concentration. It is obvious that the homologous antiserum reacted best with the bull liver antigen but all other antisera cross-reacted to a certain degree. Similarly, antiserum against kidney particles reacted best with kidney preparations, and so forth. Table V shows the cross-reactions encountered between the various antigens and antisera. To conserve space and to simplify the tables, only the highest dilution of antigen which gave complete fixation of complement (no. hemolysis) is given in this and the following tables. The results of the experi-ment recorded in Table IV are included in this simplified form in Table V . When the serum was serially diluted and a constant amount of particle suspension added, similar demonstrations of dominant organ specificity were obtained.
Cross-reactions again could be removed by absorption with heterologous particles. The high speed centrifugation involved in this process removed all traces of antigen-antibody complexes which otherwise would have interfered with the reaction by showing "anticomplementary" activity of the serum. Resuits obtained with the absorbed sera are given in Table VI . All or most of the cross-reactions were eliminated by absorption with kidney particles, and usually with liver particles, leaving a distinct homologous reaction in all the antisera except that against heart muscle. In the exceptional case, although the native serum reacted dominantly with the homologous antigen, all reactivity could be removed with either liver or kidney particles. The cross-reactions between testicle and lung particles were apparently not quantitatively removed by the absorption with either kidney or liver particles. 
Species Specificity
It was found that most of the particles showed species specificity in addition to the organ specific differentiation (Table vii) . Antisera against bovine kidney agglutinated bovine kidney particles but did not react with kidney preparations derived from mice, rats, pigs, or rabbits. Similarly, antisera to lung, heart muscle, or testicle particles agglutinated only the preparations from the homologous species. There were, however, slight cross-reactions between mouse and rat preparations. On the other hand, brain antisera reacted with brain particles of all the different species tested, even the rabbit, in which the antiserum was produced. Absorption of the brain antisera with heterologous brain particles removed not only the cross-reactions with all brain preparations from heterologous species but also most or all of the activity with brain particles of the homologous species. Antisera against liver particles, likewise, showed a rather broad specificity; i.e., antiserum to bull liver agglutinated to various degrees liver preparations from all the different species except the rabbit, which animal was used for the antibody production. However, absorption with liver preparations from heterologous species left a strong agglutination of liver particles from the homologous species but removed all cross-reactlons. When the complement fixation technique was used with higher dilutions of serum, cross-reactions were observed with liver preparations from a few species, but not with all. It appears that the liver particles are dominantly species specific but a small fraction of antigen common to all species is likewise present.
The complement fixation test occasionally gave cross-reactions with heterologous organs from various species. Such reactions were not observed in the agglutination test which appears, therefore, to be more specific under the conditions of these experiments.
I so-I mmunization
Some rabbit antisera against whole liver suspension showed a slightly different reactivity as compared with liver particle antisera in that they also slightly agglutinated rabbit liver particles. One rabbit whole liver antiserum agglutinated only rabbit liver particles to a slight degree (Table VII) . The specificity of this reaction has not been studied. Attempts at iso-immunization with particles derived from various rabbit organs have been made. However, no iso-antibodies to particles derived from liver, kidney, lung, and brain have been noted after as many as 19 injections, while hetero-antibodies were formed after 5 to 10 injections.
Some Properties of the Antigens Involved
The antigens reacting in the complement fixation test with the various homologous and heterologous antisera are all heat-labile with the exception of the brain suspensions; i.e., they are destroyed by heating the suspensions to 100°C. for several minutes. Brain particle suspensions, on the other hand, withstood heating for 20 minutes without apparent loss of serological activity.
Since alcohol-soluble substances have been found to be responsible for organ specific reactions in a number of instances (10, 11, 12 , and others) the antisera against bovine organ particles were studied for their content of lipoid antibodies. Antisera against particles derived from brain reacted with alcohol or ether extracts of brain, and no cross-reactions were observed with extracts derived from other organs. None of the other sera contained significant amounts of lipoid antibodies, although some slight fixation of complement occurred in the highest concentration of extract used (Table VIII) .
The relationship of this alcohol-extractable antigen to the cross-reacting substance in brain particle suspensions was studied by the absorption tech- nique. Table IX shows that: (a) after absorption with heterologous brain particles, the homologous as well as the heterologous reaction was removed; and (b) after absorption with alcoholic extracts, a strong reaction with homologous and heterologous brain particles remained not only against native suspensions but also against heated preparations. There are, therefore, at least two cross-reacting brain antigens present in these preparations, one extractable by cold alcohol or ether, the other not extractable by these solvents, but like-wise heat-stable. In addition, a few sera showed a small amount of species specific antibodies.
DISCUSSION
The chemical nature and cytological identity of particles derived from normal organ filtrates by high speed centrifugation is under investigation, and the evidence that they may be mitochondria is strong. The chemical composition (1) and staining properties, particularly by Janus green B (7) are in favor of such a view. The serological specificity found in this study adds further support since the r61e usually ascribed to mitochondria in cellular differentiation and metabolism implies organ specific structure.
The most specific serological results were obtained by the agglutination reaction. Particles from all the organs tested revealed a certain organ specificity with the exception of those from the pancreas, in which case the amount of antigen injected probably was insufficient for the production of antibodies. The particles were differentiated by an earlier, and usually stronger, agglutination in the homologous than in the heterologous antisera. Absorption of the sera with heterologous particles left the organ specific agglutinins. In addition, all particles except those derived from brain exhibited species specificity. Some cross-reactions were observed between the liver particle preparations from various species but particles from the homologous species were generally agglutinated first, and absorption with liver particles from a heterologous species did not abolish the homologous reactivity of the serum. Brain particle reactions, on the other hand, were independent of the species. Absorption of the brain particle antisera with heterologous brain particles removed all or most of the reactivity, including that due to brain particles from the homologous species.
The results of the complement fixation reaction with the particle concentrates resembled those reported in the literature for whole organ suspensions or extracts thereof. Early attempts to demonstrate organ specific structures in suspensions of various organs yielded more or less indefinite results, with the well known exception of the lens of the eye (cf. 13) . More recently, Witebsky and his collaborators have studied the serological specificity of a number of different organs and lipoid extracts thereof. While brain suspensions exhibited a clear-cut organ specific structure comparable to that of the lens in that it was independent of the species (12) , parenchymatous organs such as the liver and kidney showed only occasionally organ specific dominance and the reactions were at the same time limited to the species (12, 14) . Suspensions of kidney were studied by Landsteiner and van der Scheer (15) and Hahn (16) , preparations of testicle by Lewis (17) and Kriipe (18) . Using the globulin fraction of organ suspensions, organ specific antibodies were demonstrated for the thyroid gland by Hektoen, Fox, and Schulhof (19) and for preparations of pancreas and adrenals by Witebsky (20) . Also Wolff (21) was able to differentiate between proteins of kidney and liver by serological means using especially prepared antigens free of lipoids. In most of these studies, cross-reactions were quite marked and the demonstration of organ specific antibodies sometimes obscured.
Also, in the present study, involving particulate fractions of the various organs, more cross-reactions were encountered in the complement fixation test than in the agglutination reaction but the particulate nature of the antigen made it possible to use absorption technique to advantage. Traces of antigenantibody complexes left in the absorbed serum were removed completely by high speed centrifugation and so did not interfere in subsequent tests.
The importance of alcohol-extractable substances in the serological specificity of organs has been demonstrated by Landsteiner and van der Scheer (10), Witebsky (11), Witebsky and Steinfeld (12), and others. The particles from normal organs studied by us possessed a relatively large percentage of lipoids (12 to 20 per cent). However, antibodies to these alcohol-or ether-extractable materials were formed only in the case of brain particles which were found to be strictly organ specific but not species specific. The lack of response to the lipoid fractions of whole organ suspensions in rabbits was observed by Witebsky who studied the availability of lipoids as antigens in such mixtures (22) . He found that the injection of suspensions of brain, lens, and certain tumors evoked lipoid antibodies, while other normal organ suspensions failed to do so.
The serological reactivity of alcoholic extracts of brain (12) agrees with the observation that only the particles derived from this organ withstood heating to 100 ° C. for 20 minutes without much loss of reactivity. The reactivity, however, was not entirely due to this lipoid fraction, since the absorption of the brain antisera with alcoholic brain extract left a distinct reactivity of the serum with heated brain particle suspensions. Two antigenic components are, therefore, present in these preparations, both independent of the species. One is soluble in cold alcohol or ether, while the other is not extractable by these solvents. Both are heat-stable. The relationship of this second antigen to the protagon fraction described by Sachs and Schwab (23) or to the antigen present in brain infusion broth as studied by Bailey and Gardner (24) has not been elucidated. The outstanding behavior of the brain particles, however, in addition to the low nitrogen content of these suspensions in contrast to other organ preparations, makes it questionable whether or not we deal with the same type of material in the two different groups.
In the present study, we have dealt with organ specific and species specific antigenic properties of particles from certain organs, and with combinations of the two; i.e., species and organ specific antigens. The need for adequate terminology to describe such structures is already apparent, and will doubtless become pressing when the studies have been extended to broader groups such as the various classes of vertebrates, and the animal phyla. Various types of organ specificity have been enumerated by Witebsky (25) .
The question of iso-immunization will also be of interest. Attempts to immunize rabbits with particles derived from various rabbit organs have not yielded positive results. However, it should be pointed out that it is not possible to iso-immunize with whole organ suspensions (12) unless they are altered by certain procedures (26, 27) . Suspensions of spermatozoa constitute an exception (see 28) .
Preliminary studies to determine the presence of possible nephrotoxic substances in the rabbit vs. mouse kidney particle sera have yielded negative results thus far. The question whether or not cytotoxic substances may be present in other antisera remains to be investigated.
The relationship of the particles studied in this report to certain virus diseases is under investigation in various laboratories. The use of specific antisera against normal organ particles in attempts at purification of viruses from organ suspensions was considered a possibility, but, in the case of the virus of influenza A, present in mouse lungs, such a procedure was found to be ineffective (6) . The normal mouse lung particle antisera agglutinated particles derived from infected lungs to a high degree and subsequent titration of the virus in the supernatant fluid and the agglutinate revealed that most of the virus was present in the latter. This indicated the carrier r61e of the lung particles for the virus of influenza A and further evidence pertaining to this point will be presented elsewhere. sUMMARY 1. Particles derived from filtrates of organ suspensions by high speed centrifugation were serologically active as shown by agglutination and complement fixation techniques. Particles from brain, liver, lung, kidney, heart muscle, spleen, testicle, and pancreas of various species have been studied.
2. All particles showed a certain degree of organ specificity with the exception of pancreas. Cross-reactions occurred between the particles from various organs from one species, which were more marked when complement fixation technique was employed than by the agglutination test. However, agglutination always appeared earlier and was stronger, and complement fixation was positive in higher dilutions of antigen in the presence of homologous antiserum than with heterologous antisera.
3. The cross-reactions did not depend on the occasional precipitins for serum and the agglutinins for the red cells of the species from which the particles were derived, nor did they bear a relation to Wassermann and Forssman antibodies present in some of the sera.
4. The organ specific differentiation of the particles from various organs could more clearly be demonstrated by two means: The antiserum could be diluted in such a way that only the homologous reaction still showed a positive result while the cross-reactions had become negative; or the cross-reacting antibodies could be absorbed by heterologous particles and the homologous reaction was still more or less intact.
5. In addition to the organ specific differentiation, most particles were found to exhibit species specificity. While the particles derived from kidney, lung, testicle, and heart muscle aggregated only in the presence of the antiserum against the corresponding organ particles from the homologous species, brain particles reacted with brain antisera against both homologous and heterologous species alike. Absorption of brain particle antisera with brain preparations from a heterologous species removed all antibodies. Liver particle preparations showed an intermediate position in that all liver preparations with the exception of rabbit liver particles were aggregated by any liver particle antiserum. However, absorption with liver particles from a heterologous species left a distinct species specific reaction in the serum.
6. The antigens involved are all destroyed by heating to 100 ° C. for a few minutes with the exception of brain particles, which after 20 minutes at 100 ° C. still gave complement fixation almost to the same strength as the untreated controls.
7. Alcoholic and ether extracts of brain reacted with the brain particle antisera only. All alcoholic or ether extracts of other organs gave no complement fixation. None of the various other organ particle antisera tested contained antibodies for these extracts.
8. The relationship between the heat-stable and the alcohol-soluble brain particle antigen studied by absorption technique revealed that there were two antigens present, both organ specific and independent of the species, the one alcohol-and ether-soluble, the other not soluble in these solvents but heat stable. Some of the sera showed besides a few species specific antibodies. 9. Preliminary evidence has been gathered to show that no iso-immunization could be obtained with any one of the organ particles. As far as cytotoxic activity of the sera is concerned only the kidney particle antisera have been studied for nephrotoxins; these failed to reveal any such activity in the mouse. 
